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Abstract 
 
Ionic liquids, as green and renewable solvents, have been widely used in 
the chemistry of the pharmaceutical, energy, and surfactant industries. In this 
project, they are used to understand the full range of synthetic parameters that 
produce recently discovered iron compounds. Phosphorous heavy ratios in 
[EMIM][CF3SO3] (EMIM = 1-ethyl-3-methylimidazolium) seem to favor formation 
of the [FeP7S17]– anion. Other ratios push the reaction in favor of the [Fe(P2S8)2]2- 
anion. When a different ionic liquid, [EMIM][BF4], was used, a new iron complex 
was isolated: [Fe(P3S8)2]3-. The crystal structure of this new iron compound, 
[EMIM]3[Fe(P3S8)2], and its infrared spectrum are presented. Some thermal 
properties from differential scanning calorimetry (DSC) for the 
[EMIM]3[Fe(P3S8)2], [EMIM]2[Fe(P2S8)2], and [EMIM][FeP7S17] compounds are 
also discussed.
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Chapter 1: Introduction
2 
Ionic liquids (ILs) are becoming increasingly prevalent as solvents in a 
broad variety of chemical reactions and industrial applications. They are, 
however, commonly seen as much costlier alternatives to traditional organic 
solvents for use in industrial applications (See Table 1.1.).1 Despite this, there 
has been growing interest in the use of ILs in industry during the last decade due 
to their higher thermal, oxidative, and radiological stability compared to organic 
solvents such as diethyl ether.2 When gamma radiation was applied to the ILs 
[BMIM]Cl (BMIM+ = 1-butyl-3-methylimidazolium) and [HMIM]Cl (HMIM+ = 1-
hexyl-3-methylimidazolium), there was no significant change in the density, 
viscosity, and refractive index (i.e. the measure of how light passes through a 
sample) of the ILs.1  
An additional physical property of ILs that allows for potential large-scale 
applications is their negligible vapor pressure. The low vapor pressure can be 
attributed to the strong ionic bonds between the cation and anion, making them 
great candidates for use in high temperature and bulk industrial conditions.2 For 
these reasons, applications of ILs in the energy, pharmaceutical, and surfactant 
industries are being increasingly investigated. The examples discussed in this 
introduction demonstrate the wide range of applicability of ILs within these 
industries.  
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Table 1.1. An overview comparison showing key differences between traditional organic 
solvents and ionic liquids.1 
 
 
 
One such example for the use of ILs within the chemical industry is the 
isolation of carbon dioxide gas (CO2). The separation of carbon dioxide gas from 
other gases is a crucial component of natural gas processing; recovered CO2 is 
typically pumped underground into oil reservoirs to force out additional oil. 
Additionally, while carbon dioxide is not a toxic substance, CO2 isolation is crucial 
to minimize the release of harmful greenhouse gases into the atmosphere; 
greenhouses gases are a primary cause for climate change. Currently, amines 
such as monoethanolamine (MEA) and N-methyldiethanolamine (MDEA) in 
solution are the most widely used absorbents of CO2.2 Critical downsides such as 
high volatility, cost, health and safety concerns, and environmental issues keep 
them from being ideal solutions for this process. MDEA is seeing less use in 
industry as it is classified as a highly toxic compound by the Chemical Weapons 
Convention of the Organisation for the Prohibition of Chemical Weapons.2 
Ionic liquids can overcome many of the drawbacks of these current 
methods to absorb CO2. Moreover, the choice of cations and anions in the IL can 
be tailored to the specific needs of the industrial application, making them highly 
versatile. Researchers found that the IL [C4mim][PF6] ([C4mim]+ = 1-butyl-3-
4 
methylimadazolium, also abbreviated as BMIM) readily dissolves CO2; non-
volatile organic compounds such as hydrocarbons typically found in natural gas 
products can purely and effectively be recovered using ILs, enhancing the 
recyclability of natural gas and reducing waste. Of the several cations and anions 
that were tested, this particular IL was chosen because of its selectivity toward 
CO2 dissolution (See Fig 1.2.).3   
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.2. Absorption of carbon dioxide, ethane, methane, argon, and oxygen gas by 
the ionic liquid [C4mim][PF6].3 
 
 In pharmaceutical research, ILs are being investigated as new media for 
biochemical reactions and drug delivery. The IL [MOEMIM]OMS (1-
methoxyethyl-3-methyl imidazolium methanesulfonate) readily dissolves the 
nucleosides adenosine, cytosine, and guanosine relative to organic solvents; the 
methanesulfonate anion forms hydrogen bonds with the nucleosides, improving 
the solubility.4 Unfortunately, the unknown toxicities of the many variations of 
ionic liquid caused them to be largely dismissed by the pharmaceutical industry 
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in view of tight federal regulations controlling the manufacture of pharmaceutical 
compounds.5 Despite this, there is evidence for the effectiveness of ILs regarding 
transdermal drug delivery (i.e. the delivery of drugs through the skin). Acyclovir 
(ACV, 9-(2-hydroxyethoxylmethyl)guanine) is an antiviral drug used to treat types 
1 and 2 herpes. While it is poorly soluble in water and many organic solvents, 
researchers found that the ILs [C1mim][DMP] (C1mim = 1,3-dimethylimidazolium), 
[EMIM][DMP], and [EMIM][OAc] are very effective absorbents of Acyclovir.6 
When combining the Acyclovir-containing IL together with the non-toxic 
surfactants polyoxyethylene sorbitan monooleate (Tween-80) and sorbitan 
laurate (Span-20), they form a non-aqueous microemulsion (a thermodynamically 
stable mixture of IL and surfactant oils, see Figure 1.3.).6 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.3. Schematic of the microemulsion composed of (a) the Tween-80 and Span-
20 surfactants surrounding (b) the ionic liquid [C1mim][DMP] that readily absorbs (c) the 
antiviral herpes drug acyclovir for use in transdermal drug delivery.6 
 
Ionic liquids have also seen extensive use in the synthesis of novel 
materials, where they may act as solvents, templates, precursors, and stabilizers 
in a variety of synthetic reactions. Perhaps of prime importance in terms of 
widespread use in the chemical industries are molecular sieves that may be used 
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as adsorption or separation agents.4 Molecular sieves contain pores that can 
hold atoms of a substance with a specific size. The sizes of these pores may be 
tuned depending on the type and size of the substance that will be absorbed by 
the sieves. For example, sieves with pore sizes of 3 or 4 Å are used as drying 
agents for organic solvents, effectively absorbing water molecules but not the 
solvent molecules. Molecular sieves are thus important for the separation of 
impurities from substances in the chemical industry. 
Researchers have reported ionothermal syntheses (i.e. the use of ILs in 
synthetic reactions) of some novel aluminophosphate molecular sieve 
membranes using the IL [EMIM]Br. This sieve is the first of its kind with 20-
member ring pore openings (See Fig. 1.4).7 The study showed that by adjusting 
the type of IL in the initial solution, different types of membranes could be 
synthesized. ILs may thus direct crystal growth in addition to forming the 
template for structure formation.8 This great advantage can be carried into other 
types of materials within this broad field.   
Ionic liquids may also be used in the syntheses of novel metal-organic 
frameworks (MOFs). MOFs are a broad category of crystalline materials and are 
garnering attention due to their potential applications in gas storage, catalysis, 
and luminescence. The structure of MOFs is characterized by an open framework 
of coordination bonds between transition metals and multidentate organic linkers. 
ILs as catalysts for MOF synthesis have been shown to be highly efficient and 
green alternatives for traditional acid-base synthetic reactions.9 ILs based on 
BMIM and BPy salts (BPy = n-butylpyridinium cation) have been used for the 
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cycloaddition reactions of carbon dioxide to propylene oxide.9 Additionally, 
ionothermal synthesis of MOFs has yielded a variety of interesting new 
compounds, particularly ones based on Co, Ni, and Mn metals.10,11 Some 
recently synthesized structures were [NH3C2H4OH]2[M(CHO2)4] (M =Co, Ni, Mn), 
and [NH3C3H6OH][M(CHO2)3(H2O)], (M = Co, Mn)(See Fig 1.5.).10 The formate-
based ILs used in these syntheses not only acted as solvents, but also as a 
template sourcing from the cation, and as a ligand.10 Synthesis of MOFs via 
ionothermal synthesis thus greatly expands the possibilities of new kinds of 
open-framework materials. 
 
 
Figure 1.4. The framework structure of the aluminophosphate molecular sieve, 
ionothermally synthesized with Al (yellow), P (green), and O (red) atoms shown. Energy-
dispersive X-ray analysis gives a P/Al/O molar ratio of approximately 3:3:1.7 
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Figure 1.5. Different 2D metal-formate-metal nets seen in the MOFs containing a) Co, b) 
Ni, and c) Mn. The formate anions of the ionic liquid form a bridge between the 
octahedrally coordinated metals.10 
 
 
The original work presented in this Senior Thesis furthers the prospect of 
synthesizing novel materials using ILs. The research is primarily focused on 
exploratory ionothermal synthesis of novel metal thiophosphate crystalline 
compounds for potential energy applications (See Chapter 2). Two iron 
compounds had already been synthesized from the IL [EMIM][CF3SO3] and 
characterized by single crystal X-ray diffraction: [EMIM]2[Fe(P2S8)2] and 
[EMIM][Fe(P7S17)].11 This thesis provides a more complete analysis of the range 
of synthetic parameters that produce these recently discovered iron compounds 
(See Chapter 3). It also explores the potential for new iron compounds using the 
[BF4]- anion in the IL. 
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The thesis reports crystals of [EMIM]3[Fe(P3S8)2], a newly synthesized iron 
thiophosphate salt isolated from [EMIM][BF4] (See Chapter 4). The new anion is 
structurally unique, though it is comparable to the [Co(Co(P3S8)2)2]4- anion (See 
Chapter 4).12 It also investigates some thermal properties using differential 
scanning calorimetry (DSC), a newly acquired instrument in the Department of 
Chemistry at Lake Forest College. 
A tin thiophosphate compound, Sn2P2S6, provides a good example of the 
usefulness of DSC characterization of new thiophosphate materials.14 Three 
different phases of the structure were previously reported, one rhombohedral and 
two monoclinic (I and II). The ferroelectric transition temperature of the 
monoclinic (II) phase of powdered Sn2P2S6 was determined using DSC. The 
shape of the curve is characteristic of an exotherm, confirming that crystallization 
is taking place to form a new polymorph at 60 °C (See Fig. 1.6.).14 It is important 
to note that the Sn2P2S6 compound is a traditional solid-state thiophosphate 
wherein it is purely inorganic and was synthesized at higher temperatures (800-
1000 °C). The organic cations in compounds prepared at Lake Forest College 
make the physical and chemical properties of these solids fundamentally different 
from past thiophosphates. Thus, using DSC to investigate phase transitions for 
new compounds is of interest for current and future work. 
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Figure 1.6. The DSC curve for the powdered Sn2P2S6 sample. The broad exotherm 
begins at 10 °C with a peak at 60±2 °C. A solid-solid phase transition is an exothermic 
process, as is seen in the figure.14
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Chapter 2: Experimental and 
Characterization Procedures
12 
 The experimental methods involved in this Senior Thesis required air and 
moisture-free techniques from the initial preparation of the ILs through the 
isolation of crystalline products. The general approach to all reactions is given as 
a schematic in Figure 2.1. 
 
Figure 2.1. General scheme for the research project. 
 
Ionic Liquid Synthesis 
Synthesis of 1-Ethyl-3-methylimidazolium tetrafluoroborate: 
 
Figure 2.2. Reaction scheme for the synthesis of [EMIM][BF4] from literature.15 
 A three-necked 50 or 100 mL round bottom flask was equipped with a stir 
bar, water condenser, and thermometer. Nitrogen flowed through the condenser 
to maintain an inert atmostphere. Anhydrous diethyl ether (bp 36 °C) was used 
as a solvent for this reaction (See Figure 2.2). Per 25g of [O(CH3)3][BF4], 100 mL 
of diethyl ether solvent was used. The round-bottom flask was placed into an ice 
bath to maintain low temperatures during this highly exothermic reaction and 
prevent the solvent from evaporating off. After first adding the solvent into the 
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flask, the starting alkylimidazole, ethylimidazole [EIM], was added. Slow, scoop-
wise addition of [O(CH3)3][BF4] followed, ensuring not to add it too quickly to 
overmethylate the reagent. When addition was complete, the ice bath was 
removed and the reaction was left to stir overnight to ensure completion. 
 After stirring, there were two visible layers: the anhydrous diethyl ether on 
top was clear and colorless whereas the [EMIM][BF4] IL on the bottom was 
slightly yellow. Both layers were transferred to a 250 mL separatory funnel. After 
washing the product IL with fresh ether at least twice, the IL was transferred to a 
50 mL Schlenk flask. The product was evacuated on a Schlenk line using a warm 
water bath to facilitate further evaporation of most of the ether. The flask was 
backfilled with nitrogen then placed into a vacuum oven overnight at 130 °C to 
remove remaining solvent and water. The oven was backfilled with nitrogen the 
following morning and the product was transferred to two separate 35 mL round 
bottom flasks and stored over 3 Å molecular sieves to keep the IL relatively 
moisture-free. 
 
Synthesis of 1-Ethyl-3-methylimidazolium trifluoromethanesulfonate: 
 
Figure 2.3. Reaction scheme for the synthesis of [EMIM][CF3SO3].15 
 Using a similar apparatus as in the previous synthesis, this procedure 
involved using 50-100 mL of dichloromethane as the solvent (See Figure 2.3). 
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Next, 20g of the methyl triflate was added drop-wise from a graduated, pressure-
equiliibrating buret over an hour-long period to prevent the temperature from 
exceeding 35°C and boiling off the solvent. After addition, a sand bath was used 
to reflux the reaction at 47°C for two hours. The reaction mixture was then 
transferred to a single-necked round bottom flask and placed in a rotary 
evaporator to remove the solvent from the [EMIM][CF3SO3]. The product was 
transferred to a Schlenk flask and placed into a vacuum overnight to remove 
remaining solvent. ILs are characterized via IR analysis to ensure formation of 
the correct product and the absence of moisture. 
 
Creating the Reaction Tubes and Reaction Mixture 
 Borosilicate glass tubes (Pyrex®) were used as the reaction vessels for 
this reaction. Long tubes 150 cm in length were scored using tungsten carbide 
glass cutters and then cut into four pieces. The pieces were then melted into two 
equal lengths using a methane/oxygen torch, creating eight separate reaction 
tubes. Cut ends were polished to remove sharp edges. 
 Using Microsoft Excel, the masses of each element, the metal, 
phosphorous, and sulfur, were calculated based on a desired molar ratio for the 
reaction. Each tube contained 125 mg of mixture. These masses were scaled up 
to create enough mixture to fill ten tubes. Mixtures were prepared in the MBraun 
Lab Master 130 glove box to maintain an inert nitrogen environment. After 
weighing each element, they were ground together using a mortar and pestle and 
stored in glass vials. The 125 mg portions of the mixture were placed into the 
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glass tubes. The tubes were then capped with rubber stoppers and taken out of 
the glove box. 
 Reaction tubes were then placed in a glove bag containing the IL and an 
automatic pipet. The glove bag was purged three times with nitrogen gas. Next, 
1250 µL of the IL were measured using the automatic pipet and placed into each 
reaction tube. The reaction mixtures were mixed using a vortex mixer to soak the 
entirety of the solid in the IL and to remove gas bubbles. Tubes were then 
connected to a vacuum line, evacuated down to 10-15 torr, and sealed using a 
methane/oxygen torch. 
 
Heating the Reaction Mixture 
 
Figure 2.4. General heating profile for every reaction where (A) the temperature is 
ramped up to a certain point and (B) held for an extended duration. (C) The reaction is 
slowly cooled to promote crystallization. 
 
 The sealed tubes were placed in a programmable convection oven under 
various heating schemes (See Figure 2.4). Specific schemes will be discussed in 
the individual chapters. Generally, each scheme involved a one hour ramp up to 
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a temperature between 120-180 °C, followed by a period where the temperature 
was held constant for 72-120 hours, and a slow cooling phase from -0.3-1.0 °C 
per hour. The overall heating schemes thus took between one to three weeks to 
complete. 
 
Characterization of Products 
Infrared Spectroscopy 
 A small amount of product was ground with roughly 100 mg of dry KBr 
using a mortar and pestle. A disk of this powder mixture was made by 
compressing the powder between two bolts inside a nut, ensuring that the disk 
was thin enough to allow the laser to pass through it. Since thiophosphate 
compounds contain functional groups consisting of heavy atoms, the low energy 
“fingerprint” region of the IR spectrum from 400 cm-1 to 950 cm-1 is used to 
compare to known compounds and starting materials. This allows for quick and 
simple assessment of a potentially new crystalline compound before deciding to 
pursue other characterization techniques. 
 
Energy Dispersive X-Ray Analysis (EDX) 
 Aluminum stubs with sticky carbon tape were used as an adhesive for the 
synthesized products. Crystals were hand-selected under a microscope based 
on relative cleanliness of the sample and ensuring that it is flat because EDX is a 
surface-dependent technique. These stubs were analyzed using the Hitachi S-
3400N-II scanning electron microscope (SEM) at Northwestern University. 
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Energy released in the form of photons corresponds to the X-ray region of the 
electromagnetic spectrum and is picked up by the detector on the SEM. The 
resulting spectrum is used to determine relative elemental compositions of each 
sample and help predict the formation of a new compound. 
 
Single-Crystal X-Ray Diffraction (XRD) 
 X-ray diffraction data sets were collected at Northwestern University on a 
Bruker KAPPA Apex-II single-crystal X-ray diffractometer with a molybdenum 
source. A small, single crystal with a maximum dimension of 100 microns is 
isolated and placed on the goniometer of the X-ray diffractometer. The sample 
was placed under cold nitrogen flow to cool the compound to prevent 
decomposition and reduce thermal vibrations. This data is evaluated using the 
Bruker software and crystal structures are solved using the Olex2 GUI running 
the SHELX software suite.22 
 
Differential Scanning Calorimetry (DSC) 
 The new TA DSC25 was used in this ongoing research project for the first 
time to determine the temperature and heat flow associated with the products as 
a function of time and temperature. This new instrument to the Department of 
Chemistry may also help in the characterization of potential new phase 
transitions for the compounds. The purge gas (nitrogen) was attached to the 
instrument. The sample was then prepared based on the type of measurement 
performed. For melting point measurements, 1-10 mg of sample were used and 
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heated at a rate of 5-10 °C/minute. The TA DSC25 is not equipped with the 
module that allows for directly measuring heat capacity. 
 The small solid sample was ground into a powder to create a more 
homogenous analyte and allow for better thermal contact with the pan. The Tzero 
aluminum pan and lid were used along with a black (small sample volume) die 
set. The pans and lids are to always be handled with the provided tweezers. 
Mass of sample was determined by first taring the empty pan and lid, then adding 
the sample into the pan, ensuring that no sample is on the lip of the pan. The 
sample pan was placed in the lower die and capped with the lid. The handle of 
the Tzero press was pressed back, and the upper die was placed into the top of 
the press, held in place by a magnet. The lower die with the sample inside the 
pan was then placed into the bottom of the press. The handle was then slowly 
pulled forward until it stopped, ensuring that the lid was sealed to the pan. An 
empty pan and lid of the same type was prepared for use as the reference pan. 
The sealed sample and reference pans were then manually loaded into the DSC 
cell. Experimental parameters were adjusted differently using the TRIOS 
software depending on the compound and will be discussed in Chapters 3 and 4.
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Chapter 3: Exploratory Synthesis and 
Characterization of Iron 
Thiophosphates in [EMIM][CF3SO3] 
and [EMIM][BF4]
20 
 Past iron syntheses were performed primarily with [CF3SO3]- (triflate) as 
the anion for the IL.11 This section will describe the continuation of this work that 
determined the range of ratios that produced the two iron compounds in triflate. 
 Three iron compounds had already been synthesized from the IL 
[EMIM][CF3SO3] (EMIM=1-ethyl-3-methylimidazolium): [EMIM]2[Fe(P2S8)2], 
[EMIM][Fe(P7S17)] and [PMIM][Fe(P7S16)].11 The longer chain of the PMIM (1-
propyl-3-methylimidazolium) cation rendered the structure of the PMIM 
compound unsolvable due to the high amount of disorder. A full exploration of a 
range of iron ratios using ILs with the triflate anion (namely some phosphorous 
heavy ratios) will be discussed. The phosphorous heavy ratios that were tried 
seemed to favor the [FeP7S17]– anion rather than a new compound, and all of 
them had recrystallized elemental phosphorous (See Appendix A). 
 The [Fe(P2S8)2]2- anion that was previously only synthesized in 
[EMIM][CF3SO3] was also synthesized in [EMIM][BF4] using a 1 : 6 : 18 ratio of 
iron, phosphorous and sulfur respectively, confirmed by IR and EDX analysis 
(See Figures 3.1, 3.2, and Table 3.1.). While the IR spectrum is not an exact 
match, differences can be attributed to the IL components. However, with this 
ratio and compound, BF4– does not seem to be as favorable as the triflate as a 
smaller ratio of tubes containing this ratio/IL produced any crystals and were 
expectedly bright orange needles. The triflate IL more favorably produces the 
[EMIM]2[Fe(P2S8)2] crystals; heating schemes involving slow cooling promoted 
further crystal growth. 
21 
 
Figure 3.1. IR spectrum of the [EMIM]2[Fe(P2S8)2] salt synthesized with the [EMIM][BF4] 
ionic liquid (red) and the IR spectrum of the [EMIM]2[Fe(P2S8)2] compound in 
[EMIM][CF3SO3] (blue). 𝜐(cm-1) = 407.95 (vw), 419.56 (s), 428.54 (vw), 462.80 (vw), 
506.62 (sh), 518.36 (w), 544.03 (m), 572.00 (w), 620.29 (m), 639.30 (s), 670.25 (sh), 
687.08 (sh), 740.45 (m), 757.58 (w), 825.80 (w), 961.57 (m).11 
 
 
 
Figure 3.2. Scanning electron microscope image of [EMIM]2[Fe(P2S8)2] synthesized from 
the [EMIM][BF4] ionic liquid. The irregular surface is a result of slow oxidation from 
exposure to air. The scanned point was chosen because it was relatively flat and 
smooth. 
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Table 3.1. EDX observed atomic % of [EMIM]2[Fe(P2S8)2] sample and comparison of 
elemental ratios. Iron was underdetermined by about 19% and the EDX ratio was 
adjusted accordingly. 
  
EDX Observed Atomic 
% Elemental Ratios 
Scan Fe P S 
Average Fe:P:S 
(EDX) Fe:P:S (XRD)11 
1 3.62 18.66 77.72 
1 : 4.17 : 16.45 1 : 4 : 16 
2 4.17 19.59 76.24 
3 3.96 20.05 75.98 
Average 
3.92 
(4.66) 19.43 76.65     
 
 
 A ratio of 1 : 3.25 : 9 in [EMIM][BF4] was attempted at 165 °C. This 
consistently reproduced yellow-orange crystals. Upon running EDX analyses, 
there were two separate stoichiometric ratios of crystals that appeared to look 
morphologically similar (See Tables 3.2 and 3.3). While the second sample 
shows a higher atomic percentage of iron, elemental ratios are relatively similar. 
Ratios such as 1 : 2 : 6 were also made, and trace amounts of the Fe(P2S8)2 
were encountered and confirmed by EDX (1 : 4.25 : 18.39). These data 
demonstrate that it is relatively difficult to determine the identity of a new crystal 
structure due to inconsistency in sample preparation (non-horizontal sample, not 
clean, etc); although relative ratios may be helpful. 
 
Table 3.2. EDX observed atomic % of yellow crystal samples (likely ([EMIM]2[Fe(P2S8)2]) 
and comparison of elemental ratios. 
  EDX Observed Atomic % Elemental Ratios 
Scan Fe P S 
Average Fe:P:S 
(EDX) Fe:P:S (XRD)11 
1 3.79 18.38 77.83 
1 : 5.46 : 20.14 1 : 4 : 16 
2 3.61 21.02 75.37 
3 3.89 22.16 73.94 
Average 3.76 20.52 75.71     
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Table 3.3. EDX observed atomic % of yellow crystal samples with a similar 
stoichiometric ratio as in the previous table and comparison of elemental ratios. 
  EDX Observed Atomic % Elemental Ratios 
Scan Fe P S 
Average Fe:P:S 
(EDX) Fe:P:S (XRD) 
1 5.32 18.71 75.97 
1 : 3.59 : 12.71 Not performed 
2 6.05 19.23 74.71 
3 6.00 21.72 72.28 
4 5.75 23.30 70.95 
Average 5.78 20.74 73.48     
 
 Some heavy ratios that were tried include 1 : 18 : 6 in [EMIM][CF3SO3] 
and 1 : 16 : 8 in [EMIM][BF4] (See Appendix A). Small, red plate-like crystals were 
produced from these ratios and were analyzed via EDX. The atomic % ratios of 
these compounds were like the previously confirmed FeP7S17 EDX ratio, 
1 : 8.27 : 19.06 (See Table 3.4 and Figure 3.3).11 This may mean that the excess 
phosphorous in these ratios drives the reaction in favor of the more 
phosphorous-containing iron thiophosphate anion (See Figure 3.4). 
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Figure 3.3. Scanning electron microscope image of [EMIM][Fe(P7S17)] synthesized from 
the [EMIM][CF3SO3] ionic liquid from a stoichiometric ratio of 1 : 18 : 6. The purple box 
indicates the area that the SEM scans and averages the elemental ratios. 
 
Table 3.4. EDX observed atomic % and comparison of elemental ratios. 
  
EDX Observed Atomic 
% Elemental Ratios 
Scan Fe P S 
Average Fe:P:S 
(EDX) Fe:P:S (XRD)11 
1 2.90 32.55 64.75 
1 : 9.41 : 19.54 1 : 7 : 17 
2 3.76 30.24 66.00 
3 3.37 31.54 65.10 
Average 3.34 31.44 65.28     
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Figure 3.4. Plot of stoichiometric ratios of phosphorous and sulfur that favor the 
previously-made iron thiophosphate crystals in [EMIM][CF3SO3]. Stoichiometric ratios of 
iron are always 1. 
 
 
Differential Scanning Calorimetry 
 DSC measurements were performed on the new compounds. Samples 
were prepared as discussed in Chapter 2. Figures 3.5 and 3.6 show the DSC 
thermograms of the [EMIM]2[Fe(P2S8)2] and [EMIM][FeP7S17] compounds, 
respectively. The DSC thermogram of the new [EMIM]3[Fe(P3S8)2] compound will 
be presented in Chapter 4. 
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Figure 3.5. DSC thermogram of the [EMIM]2[Fe(P2S8)2] compound. Sample was heated 
(blue) and cooled (green) at 10 ºC/min. A melting endotherm was observed. When the 
onset of a melting endotherm is not sharp, the melting point is recorded at the peak 
temperature, 169.98 ºC.17 
 
 
 
 
Figure 3.6. DSC thermogram of the [EMIM][FeP7S17] compound. Sample was heated 
(blue) and cooled (green) at 10 ºC/min. A melting endotherm observed at 247.15 ºC is 
followed by two peaks and a diverging line that are characteristic of probable 
decomposition.17 
 
Discussion 
 The DSC cycles of the [EMIM]2[Fe(P2S8)2] and [EMIM][FeP7S17] 
compounds resulted in reproducible thermograms where the melting points of 
each compound were readily obtained as endotherms. The melting point of 
[EMIM]2[Fe(P2S8)2] was 169.98 ºC. The melting point of [EMIM][FeP7S17] was 
247.15 ºC. Cooling at the same rate did not produce a hysteresis that would be 
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characteristic of recrystallization of the sample. Since these compounds are 
prepared under very slow cooling conditions (-0.5 ºC/hr), it is probable that the 
cooling rate used in the DSC experiments was too fast to facilitate 
recrystallization. The samples may have in fact solidified from the melt at fast 
cooling rates to a glassy amorphous state with no exothermic crystallization 
peak.17
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Chapter 4: Synthesis, Structure, 
and Characterization of 
[EMIM]3[Fe(P3S8)2]
29 
Synthesis 
 
 Crystals of [EMIM]3[Fe(P3S8)2] were synthesized using a Fe:P:S ratio of 
1 : 8 : 16 in [EMIM][BF4]. The reaction tubes were prepared as described in the 
experimental section (See Chapter 2) and by heating them to 165 ˚C in 1 hour 
and holding for 96 hours. They were then slowly cooled at a rate of 0.5 ˚C/hr 
down to 30 ˚C. The products included large black, blocky plates and orange, 
amorphous plates. This is the first case where changing the anion of the IL and 
increasing the reaction temperature to 165 ˚C significantly altered the formation 
of crystalline products. 
 
Characterization 
 
Infrared Spectroscropy 
 
 After a close comparison to IR spectra recorded for other compounds 
prepared in the lab (See Appendix B), it can be deduced that the 
[EMIM]3[Fe(P3S8)2] compound appears to have a different structure compared to 
previous compounds, with unique stretches appearing at 478 cm-1 and 831 cm-1 
(See Figure 4.1.). These peaks may be distinct for the trans-(P3S8)3- ligand 
because they do not appear in other compounds or IL residues, including the cis-
(P3S8)3- found in the [Co(Co(P3S8)2)2]4- anion. A peak at 558 cm-1 is also seen in 
the [EMIM]7[(Ni(P3S8))4(PS4)] compound, whereas peaks at 616-620 cm-1 seem 
to be universally present in all compounds.11 The IR spectrum of the 
[Co(Co(P3S8)2)2]4- anion shares similar stretches to those at 746, 722, 558, 492, 
470, and 455 cm-1.12 
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Figure 4.1. IR spectrum of [EMIM]3[Fe(P3S8)2]. ∇ = (cm-1) = 429.61 (m), 455.49 (vw), 
470.31 (sh), 478.93 (s), 531.44 (m), 558.84 (s), 605.23 (s), 613.05 (sh), 618.28 (s), 
654.81 (s), 668.07 (s), 699.08 (vw), 722.90 (w), 726.75 (w), 746.75 (w), 801.07 (vw), 
831.11 (m), 847.83 (w). 
 
 
Differential Scanning Calorimetry 
 
 Samples were prepared as discussed in Chapter 2. Figure 4.2 shows the 
DSC thermogram of the new [EMIM]3[Fe(P3S8)2] compound. 
 
Figure 4.2. DSC thermogram of the [EMIM]3[Fe(P3S8)2] compound. Sample was heated 
and cooled at 10 ºC/min. A large melting endotherm was observed at 185.01 ºC. The 
smaller endotherm at 136.12 ºC was produced consistently across separate DSC cycles 
and may indicate small presence of a less stable polymorph or other impurity. 
 
 
EDX Analysis 
 
 An area EDX scan revealed atomic percent composition as shown in 
Table 4.2. The ratio of Fe:P:S is also highlighted in comparison to the structural 
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solution obtained via XRD. The Fe peaks are much smaller relative to the P and 
S peaks, though their presence is significant compared to the presence of other 
possible metals within the sample. The Y-axis in Figure 4.3 indicates the number 
of “counts” or cycles of the SEM scan. A longer cycle or larger count would 
proportionally increase the intensity of all peaks during a longer scan. In Figure 
4.4, the purple box indicates the area that the SEM scans and averages the 
elemental ratios. It is important to note that carbon and nitrogen from the EMIM+ 
cations are marginally excited by the X-rays and thus do not appear in EDX 
spectra. 
 
Figure 4.3. EDX spectrum of [Fe(P3S8)2]3- anion.  
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Table 4.2. EDX observed atomic % and comparison of elemental ratios. The proportion 
of Fe in the samples was slightly under-determined by EDX; ratios of P and S are higher 
compared to the true XRD ratios, whereas the ratios of Fe are always 1. 
  
EDX Observed Atomic 
% Elemental Ratios 
Scan Fe P S 
Average Fe:P:S 
(EDX) Fe:P:S (XRD) 
1 3.75 25.56 70.69 
1 : 7.09 : 19.93 1 : 6 : 16 
2 3.46 24.95 71.58 
3 3.38 25.08 71.53 
4 3.70 25.47 70.84 
5 3.61 25.55 70.84 
6 3.42 25.17 71.47 
7 3.66 25.29 71.05     
Average 3.57 25.30 71.14     
 
Figure 4.4. Scanning electron microscope image of an [EMIM]3[Fe(P3S8)2] single crystal. 
 
Crystallography 
 Crystal structure solution was obtained by diffraction data collected at 
Northwestern University, as discussed in Chapter 2. Figure 4.4 shows the crystal 
structure solution of the [Fe(P3S8)2]3- anion. Unit cell depiction is shown in Figure 
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4.5 and its parameters are shown in Table 4.3. Geometrical statistics are shown 
in Table 4.4. 
 
Figure 4.4. Crystal structure solution of the [Fe(P3S8)2]3- anion. The Fe ion is on an 
inversion center, so only half of the anion is unique. The other (P3S8)3- ligand is 
symmetry-generated. Ions are thus labelled accordingly. 
 
 
Table 4.3. Unit cell data for the [EMIM]3[Fe(P3S8)2] thiophosphate in comparison to the 
other Fe compounds.11 
  [EMIM]3[Fe(P3S8)2] [EMIM]2[Fe(P2S8)2] [EMIM][FeP7S17] 
a, Å 9.8946 7.2022 8.7330 
b, Å 13.2298 17.6814 18.8511 
c, Å 18.4342 13.4946 18.7968 
α, ˚ 72.8257 90 90 
β, ˚ 81.4188 94.2309 103.069 
γ, ˚ 69.6067 90 90 
Z 2 2 4 
V, Å3 2158.1 1713.8 3014.3 
FW, g*mol-1 1088.22 915.03 928.93 
Space group  𝑃 1̅ 𝑃 21 𝑃 21/𝑐 
R1(F0) 0.0408  0.0389 0.0259 
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Figure 4.5. The unit cell depiction of [EMIM]3[Fe(P3S8)2] viewed along the a axis. The 
[Fe(P3S8)2]3- anions are centered at 0, 0, 0 and 0.5, 0.5, 0.5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
35 
Table 4.4. Selected bond distances (Å) and angles (˚) in the crystalline form for the Fe 
anions; esd (estimated standard deviations) are given in parentheses. 
Geometric 
Site [EMIM]3[Fe(P3S8)2] [EMIM]2[Fe(P2S8)2] [EMIM][FeP7S17] 
Fe-S 2.2923(7)-2.2957(7) 
2.4061(10)-
2.7096(10) 
2.3232(5)-
2.3314(4) 
Fe-P 2.2995(7)   
2.1620(4)-
2.1905(4) 
S-P 1.9450(11)-2.124(10) 
1.9454(14)-
2.1292(15) 
1.801(7)-
2.313(7) 
S-S   
2.0602(13)-
2.0635(13) 2.0384(7) 
Cis S-Fe-S 89.991(3) 79.13(3)-97.90(4) 
81.966(16)-
84.065(15) 
Trans S-
Fe-S 180.000(3) 
169.87(4)-
173.21(4)   
Trans P-
Fe-P 180.000(3)     
Cis P-Fe-S 95.867(2)   
83.231(16)-
96.335(17) 
Trans P-
Fe-S 84.133(2)   
167.187(18)-
171.466(18) 
Cis P-Fe-P     
91.610(17)-
99.570(17) 
S-S-Fe   
102.83(4)-
108.96(5)   
S-P-Fe 125.583(4) 
104.62(5)-
105.13(5) 
95.71(16)-
125.02(2) 
P-S-Fe 106.409(3)-107.160(4)   
99.735(19)-
104.15(2) 
S-P-S 102.096(4)-115.223(5) 
103.61(3)-
119.37(7) 
84.63(16)-
121.13(3) 
P-S-P 97.562(4)-108.052(4) 
111.06(6)-
111.27(6) 
94.17(2)-
107.87(2) 
S-S-P   
100.12(5)-
102.64(5) 97.324-102.428 
S-S-S   
105.43(6)-
106.30(5)   
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Discussion 
 The structure was originally solved using SHELXS, a direct methods 
solution program. Subsequent atoms were located through refinements using 
SHELXL22 within Olex2.23 The [Fe(P3S8)2]3- anion and EMIM+ cations were 
refined anisotropically. One of the EMIM+ cations has a disordered hydrogen that 
was not included in the model. Upon refinement, the disorder made the geometry 
difficult for the instruction file to handle. Refining the constraints within the input 
file in the X, Y, and Z directions on the hydrogen atom may resolve the 
occupancy issue. As was found with past structures, another EMIM+ cation is 
disordered over two overlapping positions with refined occupancies of 0.6 and 
0.4 for the two orientations. The cif file, along with structure factors (now included 
within the cif), were checked for errors using the web-based automatic checking 
program known as “checkCIF” (See Appendix C). The report returned no Level A 
or B errors that would be considered major errors for a publication. 
 Much like previous compounds, the Fe atom is octahedrally coordinated, 
with two tridentate (P3S8)3- ligands. The presence of both phosphorus- and sulfur-
ion bonding modes for thiophosphates is rare and has only been reported 
previously in [Ni4P13S32]7-,13 [Co3P6S16]4-,12 and [FeP7S17]-.11 The (P3S8)3- ligands 
have now been seen in three different bonding modes within transition metal 
thiophosphates. The [Co(Co(P3S8)2)2]4- anion contains ligands with P atoms that 
are cis with respect to the Co3+ ion (See Figure 4.5.). This arrangement has two 
parallel P-S bonds that stick out of the same side of the cobalt coordination 
sphere, thus allowing bridging to a central, tetrahedrally-coordinated Co2+ ion 
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through two S atoms from each “Co(P3S8)2” unit. The [Fe(P3S8)2]3- anion 
presented herein contains ligands with P atoms that are trans with respect to the 
central Fe ion (See Figure 4.4.). This trans orientation may explain why this 
compound did not form in the same fashion as in the [Co(Co(P3S8)2)2]4- anion 
because there is only one S atom extending from each side of the molecule, as 
opposed to two adjacent S atoms in the Co anion.  
 Of the over 900,000 crystal structures entered into the Cambridge 
Structure Database, there are only fourteen reported structures of an iron atom 
octahedrally coordinated to two phosphorous atoms and four sulfur atoms.24 Of 
these, there are only four compounds that have an iron atom octahedrally 
coordinated to phosphorous atoms that are in a trans orientation: 
[C24H34Fe(PS2)2][2BF4],19 [C24H34Fe(PS2)2][2BF4]·2H2O,20 [Fe(S2)2(PMe3)2],21 and 
[Me4N][Fe(S2)2(PMe3)2]·CH3OH (Me4N+ = tetramethylammonium ion).21 The first 
structure contains a single hexadentate ligand around the central Fe2+ ion, 
analogous to an 18-Crown-6 structure. The second structure, although it has a 
similar molecular formula, contains two tridentate ligands each with one P and 2 
S ions bridged by carbon atoms and bonded to Fe2+; this is an organic variant of 
the completely inorganic [Fe(P3S8)2]3- structure reported in this Thesis. The third 
structure contains two bidentate ligands with S ions and two monodentate 
phosphine ligands bonded to a Fe4+ ion; the fourth is like the former, although the 
coordination compound crystallized with a tetramethylammonium ion in 
methanol, making it a Fe3+ complex. This is a rare example of a Fe3+ ion 
octahedrally coordinated to two P ions and 4 S ions, so, to our knowledge, the 
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[Fe(P3S8)2]3- structure presented herein is only the second example of such a 
compound. 
 
Figure 4.5. Crystal structure solution of the [Co(Co(P3S8)2)2]4- anion. Note the (P3S8)3- 
ligands that are comparable to those in the new [Fe(P3S8)2]3- anion. In the Co compound, 
the P atoms are cis with respect to the Co3+ ion, whereas the P atoms are trans with 
respect to the Fe3+ ion in the Fe compound (See Figure 4.4.). 
 
 The charge of the [Fe(P3S8)2]3- anion was determined from the number of 
[EMIM]+ cations observed in the crystal structure. This overall charge of 3-, 
combined with all S ions (2- each for a total of -16), the reasonably assigned +3 
and +5 for the phosphine and sulfur-surrounded phosphorous ions (sum = +13), 
balances all but three positive charges for the Fe ion. Thus, Fe is reasonably 
assigned a +3 charge. The bond length of Fe-S is the shortest of the three 
compounds (2.2923(7)-2.2957(7) Å) (See Table 4.3). 
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 The S2- ions are weak-field ligands, which typically correspond to high-spin 
complexes, and have ionic radii of 1.84 Å.16 The high-spin Fe3+ ion has an ionic 
radius of 0.65 Å.16 The sum of these radii is 2.49 Å, significantly exceeding the 
calculated Fe-S bond length of 2.2923(7)-2.2957(7) Å. Thus, without magnetic 
data, we cannot know for certain whether high- or low-spin complexes are 
formed. The P-S bond lengths are similar to those in the (P2S8)2- ligands 
(1.9450(11)-2.124(10) Å), though the trans S-Fe-S and P-Fe-P have bond angles 
of exactly 180°, unique to this compound. Due to its triclinic unit cell, the 
[Fe(P3S8)2]3- anion contains no axes of symmetry and has a Ci point group 
because it is centrosymmetric (i.e. contains an inversion center). However, in 
solution, the anion would be free to move and conform to a lower energy state, 
with idealized symmetry of C2h. 
 The DSC cycles of [EMIM]3[Fe(P3S8)2] resulted in reproducible 
thermograms where the melting point was readily obtained as an endotherm. The 
melting point was 185.01 ºC. Just like the previous compounds, cooling at 10 
ºC/min did not produce a hysteresis that would be characteristic of 
recrystallization of the sample (See Figure 4.2.). The small endotherm at 136.12 
ºC may be an impurity, though since it was reproduced consistently across 
separate cycles, it may indicate presence of a separate, less stable polymorph of 
the crystal structure. One way to verify this would be to reheat the sample after 
the cooling cycle and to observe whether the smaller peak disappears and that 
the area under the curve of the peak at 185.01 ºC increases. This would indicate 
that upon cooling, the system stabilized into the most stable crystal morphology. 
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Unfortunately, this is difficult to test on our thiophosphate compounds since they 
only seem to recrystallize under sufficiently slow cooling conditions. 
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Chapter 5: Conclusion and Future 
Research
42 
Conclusion 
 The new iron thiophosphate [EMIM]3[Fe(P3S8)2] was successfully isolated 
from the IL [EMIM][BF4] and its structure was solved. The range of synthetic 
parameters that produced [EMIM][P7S17] and [EMIM]2[Fe(P2S8)2] in 
[EMIM][CF3SO3] were explored. All three compounds are air sensitive with 
varying degrees of sensitivity; the [EMIM]3[Fe(P3S8)2] and [EMIM][P7S17] 
compounds are relatively stable in air compared to [EMIM]2[Fe(P2S8)2], perhaps 
due to their higher molecular weights and melting points. This could also be 
better explained by crystal morphology; the [EMIM]2[Fe(P2S8)2] crystals were 
large, hollow needles that could have a higher surface area than the much more 
closely packed and rigid [EMIM]3[Fe(P3S8)2] and [EMIM][P7S17] crystals. A higher 
surface area may cause for more susceptibility to oxidation since the surfaces 
are more exposed. The syntheses produced many large crystals of 
[EMIM]2[Fe(P2S8)2] and [EMIM]3[Fe(P3S8)2], although the [EMIM][P7S17] crystals 
were noticeably smaller and were produced in smaller yields.  
 As was outlined in Chapter 4, the comparisons made between the 
[Fe(P3S8)2]3- and [Co(Co(P3S8)2)2]4- anions show that the ligands are similar in 
structure, though the [P3S8]3- ligands on the Fe structure have P ions that are 
trans with respect to the central Fe ion. The structure is therefore unique and has 
not been seen in any other known thiophosphates, particularly due to the 
expected +3 charge on Fe via charge balance calculations. 
 Changing the anion of the IL vastly changed the products for reactions 
with iron, phosphorous, and sulfur, as discussed in Chapters 3 and 4. This 
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reinforces the literature that ILs can be tailored to alter reaction conditions and 
direct the formation of new products. Specifically, the anion of the IL potentially 
plays a role in altering the solubility of the matrix, a deciding factor that 
determines the types of products that crystallize in the IL flux upon slow cooling. 
 
Future Research 
 Further exploration in [EMIM][BF4] using iron as the transition metal should 
be conducted to see if other new iron thiophosphates can be discovered. 
Magnetic properties on the Fe compounds should be analyzed since Fe is a d6 
transition metal. It is evident that bond distances are not clearly indicative of 
either a high- or low-spin complex, as discussed in Chapter 4. Magnetic data 
obtained from higher-sensitivity instruments that do not require using large 
amounts of sample may be necessary to confirm the charges and spins of the Fe 
ions. 
 Utilizing the DSC to its full potential can bring great insight to the thermal 
properties of our products as well as the ILs. Small amounts of each of the ILs 
can be loaded into the DSC to observe how they behave upon heating and 
cooling. This may help to elucidate the temperatures at which products crash out 
of solution, thus cutting down synthesis times and optimizing the procedure. 
More broadly, the polymerized products that inadvertently crystallize out of the IL 
may also be considered for DSC analysis. A baseline calibration check may be 
necessary before running each new sample if accurate heat capacity and 
enthalpy calculations are to be made. Nevertheless, DSC spectra provide 
44 
another in-house spectroscopic method to identify the formation of a new 
compound besides infra-red spectroscopy (IR).
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Appendix A. Summary reaction table of reactions conducted as part of this Senior 
Thesis. 
Set 
Number 
Ratio 
(Fe:P:S) Ionic Liquid 
Heating 
scheme Comments Results 
AT1A 1:8:16 [EMIM][BF4] 
A: ramp 1 hr to 
150C 
B: held 50hrs 
C: cooled to 
80C in 3 hrs, -
1C/hr to 30C   
Purple IL, black 
solid 
AT1B 1:8:16 [EMIM][BF4] See above   
Purple IL, black 
solid 
AT1C 1:6:18 [EMIM][BF4] See above   
Purple IL, black 
solid 
AT1D 1:6:18 [EMIM][BF4] See above   
Bright orange 
needle crystals 
AT1E 1:6:18 [EMIM][BF4] See above   
Purple IL, black 
solid 
            
AAT2A 1:18:6 [EMIM][Trif] 
A: ramp 1 hr to 
150C 
B: held 96hrs 
C: cooled at -
0.5C/hr 
Power 
outage 
during 
150C 
phase Purple solid 
AAT2B 1:18:6 [EMIM][Trif] See above See above Purple solid 
AAT2C 1:18:6 [EMIM][Trif] See above See above Purple solid 
AAT2D 1:18:6 [EMIM][Trif] See above See above Purple solid 
AAT2E 1:18:6 [EMIM][Trif] See above See above Purple solid 
            
AAT3A 1:16:8 [EMIM][BF4] 
A: ramp 1 hr to 
150C 
B: held 72hrs 
C: cooled at -
1C/hr   
Recrystallized 
phosphorous 
AAT3B 1:16:8 [EMIM][Trif] See above   See above 
AAT3C 1:16:8 [EMIM][BF4] See above   See above 
AAT3D 1:16:8 [EMIM][BF4] See above   See above 
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AAT3E 1:16:8 [EMIM][BF4] See above   See above 
            
AAT4A 1:7:3 [EMIM][Trif] 
A: ramp 1 hr to 
150C 
B: held 72hrs 
C: cooled at -
1C/hr 
Briefly 
exposed to 
air Large P crystals 
AAT4B 1:7:3 [PMIM][Trif] See above   Small P crystals 
AAT4C 1:7:3 [PMIM][Trif] See above   Large P crystals 
AAT4D 1:7:3 [EMIM][Trif] See above   Large P crystals 
            
AAT5A 1:2:6 [PMIM][Trif] 
A: ramp 1 hr to 
150C 
B: held 96hrs 
C: cooled to 
110C in 3hr, 
then at -1C/hr   Black solid 
AAT5B 1:2:6 [PMIM][Trif] See above   Black solid 
AAT5C 1:2:6 [PMIM][Trif] See above   Orange polymer 
AAT5D 1:2:6 [PMIM][Trif] See above   Black solid 
            
AAT6A 2:1:10 [PMIM][Trif] 
A: ramp 1 hr to 
150C 
B: held 96hrs 
C: cooled to 
110C in 3hr, 
then at -1C/hr   Black solid 
AAT6B 2:1:10 [PMIM][Trif] See above   Black solid 
AAT6C 2:1:10 [EMIM][Trif] See above   Black solid 
AAT6D 2:1:10 [EMIM][Trif] See above   Dark red crystals 
           
AAT7A 2:1:10 [EMIM][Trif] 
A: ramp 1 hr to 
150C 
B: held 96hrs 
C: cooled to 
110C in 3hr, 
then at -1C/hr Nb set Purple polymer 
AAT7B 2:1:10 [EMIM][Trif] See above   See above 
AAT7C 2:1:10 [EMIM][Trif] See above   See above 
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AAT7D 2:1:10 [EMIM][Trif] See above   See above 
            
AAT8A 1:18:9 [EMIM][BF4] 
A: ramp 1 hr to 
165C 
B: held 72hrs 
C: cooled to 
90C in 3hr, 
then at -1C/hr   
Recrystallized 
phosphorous 
AAT8B 1:18:9 [EMIM][BF4] See above   See above 
AAT8C 1:18:9 [EMIM][BF4] See above   See above 
AAT8D 1:18:9 [EMIM][BF4] See above  See above 
            
AAT9A 1:16:12 [EMIM][BF4] 
A: ramp 1 hr to 
165C 
B: held 72hrs 
C: cooled to 
90C in 3hr, 
then at -1C/hr   
Recrystallized 
phosphorous 
AAT9B 1:16:12 [EMIM][Trif] (H) See above   See above 
AAT9C 1:16:12 [EMIM][BF4] See above   See above 
AAT9D 1:16:12 [EMIM][BF4] See above   See above 
            
AAT10
A 1:6:18 [EMIM][BF4] 
A: ramp 1 hr to 
165C 
B: held 72hrs 
C: cooled to 
90C in 3hr, 
then at -1C/hr   
None from this set 
produced the P2S8 
needles 
AAT10
B 1:6:18 [EMIM][BF4] See above     
AAT10
C 1:6:18 [EMIM][BF4] See above     
AAT10
D 1:6:18 [EMIM][BF4] See above     
            
AAT11
A 1:6:3 [EMIM][Trif] 
A: ramp 1 hr to 
165C 
B: held 72hrs 
C: cooled to 
90C in 3hr, 
then at -1C/hr   
Recrystallized 
phosphorous with 
some red plates 
AAT11
B 1:6:3 [EMIM][Trif] See above   See above 
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AAT11
C 1:6:3 [EMIM][Trif] See above   See above 
AAT11
D 1:6:3 [EMIM][Trif] See above   See above 
            
AAT12
A 1:4:3 [EMIM][Trif] 
A: ramp 1 hr to 
150C 
B: held 96hrs 
C: cooled to 
90C in 3hr, 
then at -
0.5C/hr   
Recrystallized 
phosphorous 
AAT12
B 1:4:3 [EMIM][Trif] See above   See above 
AAT12
C 1:4:3 [EMIM][Trif] See above   See above 
AAT12
D 1:4:3 [EMIM][Trif] See above   See above 
            
AAT13
A 1:6:18 [EMIM][Trif] 
A: ramp 1 hr to 
150C 
B: held 96hrs 
C: cooled to 
90C in 3hr, 
then at -
0.5C/hr   bis P2S8 
AAT13
B 1:6:18 [EMIM][Trif] See above   
See above 
AAT13
C 1:6:18 [EMIM][Trif] See above   
See above 
AAT13
D 1:6:18 [EMIM][Trif] See above   
See above 
            
AAT14
A 1:6:18 [EMIM][Trif] 
A: ramp 1 hr to 
150C 
B: held 96hrs 
C: cooled at-
0.5C/hr   bis P2S8 
AAT14
B 1:6:18 [EMIM][Trif] See above   bis P2S8 
AAT14
C 1:6:18 [EMIM][Trif] See above   bis P2S8 
AAT14
D 1:6:18 [EMIM][Trif] See above   bis P2S8 
            
AAT15
A 
1:1.65:3.5
2 [EMIM][Trif] 
A: ramp 1 hr to 
150C 
B: held 96hrs 
C: cooled at-
0.5C/hr   
Yellow IL, clear 
crystals 
AAT15
B 
1:1.65:3.5
2 [EMIM][Trif] See above   See above 
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AAT15
C 
1:1.65:3.5
2 [EMIM][Trif] See above   See above 
AAT15
D 
1:1.65:3.5
2 [EMIM][Trif] See above   See above 
            
AAT16
A 1:6:18 [EMIM][Trif] 
A: ramp 1 hr to 
180C 
B: held 72hrs 
C: cooled at-
0.5C/hr to 
110C then 
pulled   
Orange/brown IL, 
orange solid 
AAT16
B 1:6:18 [EMIM][Trif] See above   
Brown IL, black 
solid 
AAT16
C 1:6:18 [EMIM][Trif] See above   
Brown IL, black 
solid 
AAT16
D 1:6:18 [EMIM][Trif] See above   
Brown IL, orange 
solid 
            
AAT17
A 1:3.25:9 [EMIM][BF4] 
A: ramp 1 hr to 
180C 
B: held 72hrs 
C: cooled at-
0.5C/hr to 
110C then 
pulled   
Brown IL, orange 
solid 
AAT17
B 1:3.25:9 [EMIM][BF4] See above   See above 
AAT17
C 1:3.25:9 [EMIM][BF4] See above   See above 
AAT17
D 1:3.25:9 [EMIM][BF4] See above   See above 
            
AAT18
A 1:2:2 [EMIM][BF4] 
A: ramp 1 hr to 
180C 
B: held 72hrs 
C: cooled at-
0.5C/hr to 
110C then 
pulled   
Dark green IL, 
black solid 
AAT18
B 1:2:2 [EMIM][BF4] See above   See above 
AAT18
C 1:2:2 [EMIM][BF4] See above   See above 
AAT18
D 1:2:2 [EMIM][BF4] See above   See above 
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AAT19
A 2:1:10 [EMIM][Trif] 
A: ramp 1 hr to 
180C 
B: held 72hrs 
C: cooled at-
0.5C/hr to 
110C then 
pulled Nb set 
Purple IL, black 
solid 
AAT19
B 2:1:10 [EMIM][Trif] See above   See above 
AAT19
C 2:1:10 [EMIM][Trif] See above 
Briefly 
exposed to 
air See above 
AAT19
D 2:1:10 [EMIM][Trif] See above   See above 
            
AAT20
A 1:3.25:9 [EMIM][BF4] 
A: ramp 1 hr to 
165C 
B: held 96hrs 
C: cooled -
0.5C/hr   Dark IL 
AAT20
B 1:3.25:9 [EMIM][BF4] See above   Yellow crystals 
AAT20
C 1:8:16 [EMIM][Trif] See above   
Red (P7S17), 
black, orange and 
white crystals 
AAT20
D 1:8:16 [EMIM][Trif] See above   
Red (P7S17), 
black, orange and 
white crystals 
           
AAT21
A 1:4:16 [EMIM][Trif] 
A: ramp 1 hr to 
165C 
B: held 96hrs 
C: cooled -
0.5C/hr   
Briefly exposed to 
air 
AAT21
B 1:4:16 [EMIM][Trif] See above   P2S8 crystals 
AAT21
C 1:4:16 [EMIM][Trif] See above   P2S8 crystals 
AAT21
D 1:4:16 [EMIM][Trif] See above   P2S8 crystals 
           
AAT22
A 1:12:9 [EMIM][Trif] 
A: ramp 1 hr to 
165C 
B: held 96hrs 
C: cooled -
0.5C/hr   Recrystallized P 
AAT22
B 1:12:9 [EMIM][Trif] See above   See above 
AAT22
C 1:12:9 [EMIM][Trif] See above   See above 
AAT22
D 1:12:9 [EMIM][Trif] See above   See above 
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AAT23
A 1:6:18 
[EMIM][CF3SO3
] 
A: ramp 1 hr to 
165C 
B: held 96hrs 
C: cooled -
0.5C/hr   bis P2S8 crystals 
AAT23
B 1:6:18 
[EMIM][CF3SO3
] See above   See above 
AAT23
C 1:6:18 
[EMIM][CF3SO3
] See above   See above 
AAT23
D 1:6:18 
[EMIM][CF3SO3
] See above   See above 
           
AAT24
A 1:8:16 [EMIM][BF4] 
A: ramp 1 hr to 
165C 
B: held 96hrs 
C: cooled -
0.5C/hr   
Shiny red 
amorphous plate, 
[EMIM]3[Fe(P3S8)2
] crystals 
AAT24
A 1:8:16 [EMIM][BF4] See above   See above 
AAT24
A 1:8:16 [EMIM][BF4] See above   See above 
AAT24
A 1:8:16 [EMIM][BF4] See above   See above 
           
AAT25
A 1:3.25:9 [EMIM][BF4] 
A: ramp 1 hr to 
165C 
B: held 96hrs 
C: cooled -
0.5C/hr   bis P2S8 crystals 
AAT25
B 1:3.25:9 [EMIM][BF4] See above   See above 
AAT25
C 1:3.25:9 [EMIM][BF4] See above   See above 
AAT25
D 1:3.25:9 [EMIM][BF4] See above   See above 
            
AAT26
A 2:1:10 [EMIM][BF4] 
A: ramp 1 hr to 
150C 
B: held 96hrs 
C: cooled -
0.5C/hr   
Formed orange 
needle crystals, 
yellow solid 
AAT26
B 2:1:10 [EMIM][BF4] See above   see above 
AAT26
C 2:1:10 [EMIM][BF4] See above   see above 
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AAT26
D 2:1:10 [EMIM][BF4] See above   see above 
            
AAT27
A 1:6:18 [EMIM][BF4] 
A: ramp 1 hr to 
150C 
B: held 96hrs 
C: cooled -
0.5C/hr   
FeP2S8 (orange 
needles) 
AAT27
B 1:6:18 [EMIM][BF4] See above   See above 
AAT27
C 1:6:18 [EMIM][BF4] See above   See above 
AAT27
D 1:6:18 [EMIM][BF4] See above   See above 
            
AAT28
A 1:6:18 [EMIM][BF4] 
A: ramp 1 hr to 
150C 
B: held 96hrs 
C: cooled -
0.5C/hr   
FeP2S8 (orange 
needles) 
AAT28
B 1:6:18 [EMIM][BF4] See above   See above 
AAT28
C 1:6:18 [EMIM][BF4] See above   See above 
AAT28
D 1:6:18 [EMIM][BF4] See above   See above 
            
AAT29
A 1:2:6 [EMIM][BF4] 
A: ramp 1 hr to 
150C 
B: held 96hrs 
C: cooled -
0.5C/hr   Yellow solid 
AAT29
B 1:2:6 [EMIM][BF4] See above   See above 
AAT29
C 1:2:6 [EMIM][BF4] See above   See above 
AAT29
D 1:2:6 [EMIM][BF4] See above   See above 
            
AAT30
A 1:12:9 [EMIM][BF4] 
A: ramp 1 hr to 
150C 
B: held 96hrs 
C: cooled -
0.5C/hr   
Recrystallized 
Phosphorous 
AAT30
B 1:12:9 [EMIM][BF4] See above   See above 
AAT30
C 1:12:9 [EMIM][BF4] See above   See above 
AAT30
D 1:12:9 [EMIM][BF4] See above   See above 
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AAT31
A 1:4:3 [EMIM][BF4] 
A: ramp 1 hr to 
150C 
B: held 96hrs 
C: cooled -
0.5C/hr   Black goop/solid 
AAT31
B 1:4:3 [EMIM][BF4] See above   See above 
AAT31
C 1:4:3 [EMIM][BF4] See above   See above 
AAT31
D 1:4:3 [EMIM][BF4] See above   See above 
            
AAT32
A 1:3.25:9 [EMIM][BF4] 
A: ramp 1 hr to 
165C 
B: held 96hrs 
C: cooled -
0.5C/hr   Yellow crystals 
AAT32
B 1:3.25:9 [EMIM][BF4] See above   See above 
AAT32
C 1:3.25:9 [EMIM][BF4] See above   See above 
AAT32
D 1:3.25:9 [EMIM][BF4] See above   See above 
            
AAT33
A 1:2:2 [EMIM][BF4] 
A: ramp 1 hr to 
165C 
B: held 96hrs 
C: cooled -
0.5C/hr   
Blackish green 
goop/solid 
AAT33
B 1:2:2 [EMIM][BF4] See above   See above 
AAT33
C 1:2:2 [EMIM][BF4] See above   See above 
AAT33
D 1:2:2 [EMIM][BF4] See above   See above 
            
AAT34
A 2:1:10 [EMIM][BF4] 
A: ramp 1 hr to 
165C 
B: held 96hrs 
C: cooled -
0.5C/hr   Purple goop/solid 
AAT34
B 2:1:10 [EMIM][Trif] See above   Green solid 
AAT34
C 2:1:10 [EMIM][Trif] See above   Green solid 
AAT34
D 2:1:10 [EMIM][BF4] See above   Purple goop/solid 
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AAT35
A 1:2.4:10.4 [EMIM][BF4] 
A: ramp 1 hr to 
165C 
B: held 96hrs 
C: cooled -
0.5C/hr 
Bismuth 
was the 
metal used, 
tried to 
grow small 
new Bi 
crystals 
Small Bismuth 
crystals, 
black/orange 
amorphous solid 
AAT35
B 1:2.4:10.4 [EMIM][BF4] See above See above See above 
AAT35
C 1:2.4:10.4 [EMIM][BF4] See above See above See above 
AAT35
D 1:2.4:10.4 [EMIM][BF4] See above See above See above 
            
AAT36
A 1:8:16 [EMIM][BF4] 
A: ramp 1 hr to 
165C 
B: held 96hrs 
C: cooled -
0.5C/hr   
FeP3S8 crystals, 
black solid 
AAT36
B 1:8:16 [EMIM][BF4] See above   See above 
AAT36
C 1:8:16 [EMIM][BF4] See above   See above 
AAT36
D 1:8:16 [EMIM][BF4] See above   See above 
            
AAT37
A 1:8:16 [EMIM][BF4] 
A: ramp 1 hr to 
165C 
B: held 96hrs 
C: cooled -
0.5C/hr   
FeP3S8 crystals, 
black solid 
AAT37
B 1:8:16 [EMIM][BF4] See above   See above 
AAT37
C 1:8:16 [EMIM][BF4] See above   See above 
AAT37
D 1:8:16 [EMIM][BF4] See above   See above 
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Appendix B. IR summary of the three Fe compounds and previous compounds with 
(P3S8)3- ligands. Green = EMIM+
  
[EMIM] 
[FeP7S17] 
[EMIM]2 
[Fe(P2S8)2] 
[EMIM]3 
[Fe(P3S8)2] 
[EMIM]4 
[Co(Co(P3S8)2)2] 
[EMIM]7 
[Ni(P3S8)4][PS4] 
450-460   455.49 457.87 458 
470-480   470.31 472.87 472 
490-500   492.81 493 493 
500-510  506.62   501.24 
510-520 514.8 518.36   515.78 
520-530 521.9    523.05 
530-540 539.91  531.44   
540-550  544.03   544 
550-560   558.84 558.45 558.68 
570-580 571.06 572   573.95 
590-600     597.21 
600-610   605.23  607 
610-620 616.73  618.28 618.30 618.30 
620-630  620.29    
630-640  639.3    
650-660   654.81  654.65 
660-670   668.07 668 667.01 
670-680  670.25   670 
680-690  687.08    
690-700 692.23  699.08  698.27 
700-710  701    
720-730   722.90 720.35  
730-740 734.12   734.58 731.72 
740-750  740.45 746.75 746.58 746.98 
750-760  757.58    
790-800     797.88 
800-810   801.07   
810-820 812.24   813.07 818.96 
820-830  825.8  824.36  
830-840   831.11   
840-850   847.83   
950-960     958.56 
960-970  961.57    
980-990     982.55 
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Appendix C. CheckCif structural report of the new [EMIM]3[Fe(P3S8)2] compound. 
 
checkCIF/PLATON report 
 
Structure factors have been supplied for datablock(s) tiba_02_19_2018_0m 
 
THIS REPORT IS FOR GUIDANCE ONLY. IF USED AS PART OF A REVIEW 
PROCEDURE FOR PUBLICATION, IT SHOULD NOT REPLACE THE EXPERTISE 
OF AN EXPERIENCED CRYSTALLOGRAPHIC REFEREE. 
 
No syntax errors 
found. CIF dictionary Interpreting this report  
 
Datablock: tiba_02_19_2018_0m   
 
    
 
Bond precision: C-C = 0.0078 A  Wavelength=0.71073 
 
Cell: a=9.8946(13) b=13.2298(17) c=18.434(2) 
 
 alpha=72.825(7) beta=81.419(8) gamma=69.606(7) 
 
Temperature: 100 K    
 
  Calculated  Reported  
 
Volume  2158.1(5)  2158.1(5) 
 
Space group  P -1  P -1  
 
Hall group  -P 1  -P 1  
 
Moiety formula 
 Fe P6 S16, 2(C6 H11 N2), 2(Fe P6 S16), 4(C6 H11 
 
 C5.60 H8.80 N2, 0.4(C H3) N2), 2(C6 H10 N2) 
 
Sum formula  C18 H32 Fe N6 P6 S16 C36 H66 Fe2 N12 P12 S32 
 
Mr  1087.13  2176.26  
 
Dx,g cm-3  1.673  1.675  
 
Z  2  1  
 
Mu (mm-1)  1.372  1.372  
 
F000  1108.0  1110.0  
 
F000'  1113.99    
 
h,k,lmax  13,18,26  13,18,25  
 
Nref  12700  12464  
 
Tmin,Tmax  0.888,0.984  0.654,0.746 
 
Tmin'  0.861    
 
 
Data completeness= 0.981 Theta(max)= 30.114 
R(reflections)= 0.0417( 9739) wR2(reflections)= 0.1085( 1246)
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Correction method= # Reported T Limits: Tmin=0.654 Tmax=0.746 AbsCorr = 
MULTI-SCAN 
S = 1.048 Npar= 443 
  
The following ALERTS were generated. Each ALERT has the format test-
name_ALERT_alert-type_alert-level.  
Click on the hyperlinks for more details of the test.  
 
 Alert level C  
PLAT041_ALERT_1_C Calc. and Reported SumFormula Strings Differ Please Check 
PLAT068_ALERT_1_C Reported F000 Differs from Calcd (or Missing)... Please Check 
PLAT094_ALERT_2_C Ratio of Maximum / Minimum Residual Density .... 2.04 Report 
PLAT214_ALERT_2_C Atom C4AB (Anion/Solvent) ADP max/min Ratio 4.7 prolat 
PLAT214_ALERT_2_C Atom C2 (Anion/Solvent) ADP max/min Ratio 4.8 prolat 
PLAT221_ALERT_2_C Solv./Anion Resd 3 C Ueq(max)/Ueq(min) Range 4.2 Ratio 
PLAT223_ALERT_4_C Solv./Anion Resd 3 H Ueq(max)/Ueq(min) Range 5.2 Ratio 
PLAT244_ALERT_4_C Low 'Solvent' Ueq as Compared to Neighbors of C1 Check 
PLAT250_ALERT_2_C Large U3/U1 Ratio for Average U(i,j) Tensor .... 2.1 Note 
PLAT250_ALERT_2_C Large U3/U1 Ratio for Average U(i,j) Tensor .... 3.0 Note 
PLAT341_ALERT_3_C Low Bond Precision on C-C Bonds ............... 0.00783 Ang. 
PLAT362_ALERT_2_C Short C(sp3)-C(sp2) Bond C2AA - C6 . 1.33 Ang. 
PLAT790_ALERT_4_C Centre of Gravity not Within Unit Cell: Resd.  # 1 Note 
Fe P6 S16         
PLAT905_ALERT_3_C Negative K value in the Analysis of Variance ... -0.128 Report 
PLAT911_ALERT_3_C Missing FCF Refl Between Thmin & STh/L= 0.600 19 Report 
PLAT977_ALERT_2_C Check Negative Difference Density on H2AA  -0.44 eA-3  
 
 Alert level G  
FORMU01_ALERT_1_G There is a discrepancy between the atom counts in the 
_chemical_formula_sum and _chemical_formula_moiety. This is usually due to the 
moiety formula being in the wrong format. Atom count from _chemical_formula_sum: 
C36 H66 Fe2 N12 P12 S32 Atom count from _chemical_formula_moiety:C36 H64 Fe2 
N12 P12 S32 
FORMU01_ALERT_2_G There is a discrepancy between the atom counts in the  
_chemical_formula_sum and the formula from the _atom_site* data.  
Atom count from _chemical_formula_sum:C36 H66 Fe2 N12 P12 S32  
Atom count from the _atom_site data: C36 H64 Fe2 N12 P12 S32 CELLZ01_ALERT_1_G 
Difference between formula and atom_site contents detected. CELLZ01_ALERT_1_G WARNING: H atoms missing 
from atom site list. Is this intentional? 
From the CIF: _cell_formula_units_Z 1 
From the CIF: _chemical_formula_sum C36 H66 Fe2 N12 P12 S32 
TEST: Compare cell contents of formula and atom_site data 
atom Z*formula cif sites diff  
C 36.00 36.00 0.00  
H 66.00 64.00 2.00  
Fe 2.00 2.00 0.00  
N 12.00 12.00 0.00  
P 12.00 12.00 0.00  
S 32.00 32.00 0.00  
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PLAT042_ALERT_1_G Calc. and Reported MoietyFormula Strings Differ Please Check 
PLAT045_ALERT_1_G Calculated and Reported Z Differ by a Factor ... 2.00 Check 
PLAT083_ALERT_2_G SHELXL Second Parameter in WGHT Unusually Large 5.27 Why ? 
PLAT231_ALERT_4_G Hirshfeld Test (Solvent)  C2AA --C6 . 6.0 s.u. 
PLAT300_ALERT_4_G Atom Site Occupancy of C4AB Constrained at 0.6 Check 
PLAT300_ALERT_4_G Atom Site Occupancy of H4AA Constrained at 0.6 Check 
PLAT300_ALERT_4_G Atom Site Occupancy of H4AB Constrained at 0.6 Check 
PLAT300_ALERT_4_G Atom Site Occupancy of H4AC Constrained at 0.6 Check 
PLAT300_ALERT_4_G Atom Site Occupancy of C2 Constrained at 0.4 Check 
PLAT300_ALERT_4_G Atom Site Occupancy of H2A Constrained at 0.4 Check 
PLAT300_ALERT_4_G Atom Site Occupancy of H2B Constrained at 0.4 Check 
PLAT300_ALERT_4_G Atom Site Occupancy of H2C Constrained at 0.4 Check 
PLAT302_ALERT_4_G Anion/Solvent/Minor-Residue Disorder (Resd 4  ) 8% Note 
PLAT302_ALERT_4_G Anion/Solvent/Minor-Residue Disorder (Resd 6 ) 100% Note 
PLAT304_ALERT_4_G Non-Integer Number of Atoms in ...... Resd 4 16.40 Check 
PLAT304_ALERT_4_G Non-Integer Number of Atoms in ...... Resd 6 1.60 Check 
PLAT432_ALERT_2_G Short Inter X...Y Contact S8 ..C13   3.26 Ang. 
PLAT432_ALERT_2_G Short Inter X...Y Contact N1AA ..C2   1.91 Ang. 
PLAT432_ALERT_2_G Short Inter X...Y Contact C3AA ..C2   2.99 Ang. 
PLAT432_ALERT_2_G Short Inter X...Y Contact C1AA ..C2   2.74 Ang. 
PLAT720_ALERT_4_G Number of Unusual/Non-Standard Labels .......... 18 Note 
PLAT790_ALERT_4_G Centre of Gravity not Within Unit Cell: Resd. # 3 Note 
C6 H11 N2       
PLAT790_ALERT_4_G Centre of Gravity not Within Unit Cell: Resd. # 5 Note 
C6 H11 N2       
PLAT790_ALERT_4_G Centre of Gravity not Within Unit Cell: Resd. # 6 Note 
C H3       
PLAT793_ALERT_4_G Model has Chirality at P12  (Centro SPGR) R Verify 
PLAT793_ALERT_4_G Model has Chirality at P16  (Centro SPGR) R Verify 
PLAT793_ALERT_4_G Model has Chirality at P18  (Centro SPGR) R Verify 
PLAT793_ALERT_4_G Model has Chirality at P20  (Centro SPGR) S Verify 
PLAT912_ALERT_4_G Missing # of FCF Reflections Above STh/L= 0.600 216 Note 
PLAT978_ALERT_2_G Number C-C Bonds with Positive Residual Density. 1 Info  
 
0 ALERT level A = Most likely a serious problem - resolve or explain  
0 ALERT level B = A potentially serious problem, consider carefully  
16 ALERT level C = Check. Ensure it is not caused by an omission or oversight  
34 ALERT level G = General information/check it is not something unexpected 
 
7 ALERT type 1 CIF construction/syntax error, inconsistent or missing data  
15 ALERT type 2 Indicator that the structure model may be wrong or deficient  
3 ALERT type 3 Indicator that the structure quality may be low  
25 ALERT type 4 Improvement, methodology, query or suggestion  
0 ALERT type 5 Informative message, check  
 
 
Validation response form 
 
Please find below a validation response form (VRF) that can be filled in and pasted into your 
CIF. 
 
# start Validation Reply Form  
_vrf_PLAT041_tiba_02_19_2018_0m  
;  
PROBLEM: Calc. and Reported SumFormula Strings  Differ Please Check 
RESPONSE: ...    
;    
_vrf_PLAT068_tiba_02_19_2018_0m   
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;    
PROBLEM: Reported F000 Differs from Calcd (or Missing)... Please Check 
RESPONSE: ...    
;    
_vrf_PLAT094_tiba_02_19_2018_0m   
;    
PROBLEM: Ratio of Maximum / Minimum Residual Density .... 2.04 Report 
RESPONSE: ...    
;    
_vrf_PLAT214_tiba_02_19_2018_0m   
;    
PROBLEM: Atom C4AB (Anion/Solvent) ADP max/min Ratio 4.7 prolat 
RESPONSE: ...    
;     
_vrf_PLAT221_tiba_02_19_2018_0m; 
 
PROBLEM: Solv./Anion Resd 3 C Ueq(max)/Ueq(min) Range 4.2 Ratio 
RESPONSE: ...         
;         
_vrf_PLAT223_tiba_02_19_2018_0m      
;         
PROBLEM: Solv./Anion Resd 3 H Ueq(max)/Ueq(min) Range 5.2 Ratio 
RESPONSE: ...         
;         
_vrf_PLAT244_tiba_02_19_2018_0m      
;         
PROBLEM: Low 'Solvent' Ueq as Compared to Neighbors of C1 Check 
RESPONSE: ...         
;         
_vrf_PLAT250_tiba_02_19_2018_0m      
;         
PROBLEM: Large U3/U1 Ratio for Average U(i,j) Tensor .... 2.1 Note 
RESPONSE: ...         
;         
_vrf_PLAT341_tiba_02_19_2018_0m      
;         
PROBLEM: Low Bond Precision on  C-C Bonds ............... 0.00783 Ang. 
RESPONSE: ...         
;         
_vrf_PLAT362_tiba_02_19_2018_0m      
;         
PROBLEM: Short C(sp3)-C(sp2) Bond  C2AA - C6 . 1.33 Ang. 
RESPONSE: ...         
;         
_vrf_PLAT790_tiba_02_19_2018_0m      
;         
PROBLEM: Centre of Gravity not Within Unit Cell: Resd.  # 1 Note 
RESPONSE: ...         
;         
_vrf_PLAT905_tiba_02_19_2018_0m      
;         
PROBLEM: Negative K value in the Analysis of Variance ... -0.128 Report 
RESPONSE: ...         
;         
_vrf_PLAT911_tiba_02_19_2018_0m      
;         
PROBLEM: Missing FCF Refl Between Thmin & STh/L= 0.600 19 Report 
RESPONSE: ...         
;         
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_vrf_PLAT977_tiba_02_19_2018_0m      
;         
PROBLEM: Check Negative Difference Density on H2AA  -0.44 eA-3 
RESPONSE: ...         
;         
# end Validation Reply Form       
         
It is advisable to attempt to resolve as many as possible of the alerts in all categories. 
Often the minor alerts point to easily fixed oversights, errors and omissions in your 
CIF or refinement strategy, so attention to these fine details can be worthwhile. In 
order to resolve some of the more serious problems it may be necessary to carry out 
additional measurements or structure refinements. However, the purpose of your 
study may justify the reported deviations and the more serious of these should 
normally be commented upon in the discussion or experimental section of a paper or 
in the "special_details" fields of the CIF. checkCIF was carefully designed to identify 
outliers and unusual parameters, but every test has its limitations and alerts that are 
not important in a particular case may appear. Conversely, the absence of alerts does 
not guarantee there are no aspects of the results needing attention. It is up to the 
individual to critically assess their own results and, if necessary, seek expert advice. 
 
Publication of your CIF in IUCr journals 
 
A basic structural check has been run on your CIF. These basic checks will be run 
on all CIFs submitted for publication in IUCr journals ( Acta Crystallographica, 
Journal of Applied Crystallography, Journal of Synchrotron Radiation); however, if 
you intend to submit to Acta Crystallographica Section C or E or IUCrData, you 
should make sure that full publication checks are run on the final version of your CIF 
prior to submission. 
 
Publication of your CIF in other journals 
 
Please refer to the Notes for Authors of the relevant journal for any special 
instructions relating to CIF submission.  
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atablock tiba_02_19_2018_0m - ellipsoid plot
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